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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide thermal treatment 

equipment that can form a thin film having a good film- Zb 
thickness distribution by reducing the unevenness in the C 
temperature distribution of a susceptor in the course of heat 
treatment, and to provide a method of manufacturing silicon 
epitaxial wafer. 

SOLUTION: The thermal treatment equipment 100 is provided 
with a thermal treatment vessel containing the susceptor 2 on 2b 
which a spot facing 2a is formed for placing a wafer W and a 
temperature measuring means 4 which measures the 
temperature of the susceptor 2, and a heating device 5 which 
heats the wafer W placed on the susceptor 2. The rear surface 
of the susceptor 2 corresponding to the position of the spot 
facing 2a is formed in a flat surface. In addition, the 
temperature measuring means 4 is constituted by putting a 
silicon carbide-made cap 8 on the measuring section 6d of a 
thermocouple 6. The means 4 is arranged on the rear surface 
side of the susceptor 2 at a distance of about 0.5 mm from the 
rear surface. 
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* NOTICES * 



JPO and NCIPI are not responsible £or any 
damages caused by tbe use o£ this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The susceptor in which the spot facing which lays a silicon single crystal wafer was formed, In the 
heat treatment container which has the thermocouple which measures the temperature of the susceptor 
concerned inside, the heating apparatus which heats the silicon single crystal wafer laid in said susceptor, 
and the thermal treatment equipment with which it has ** It is the thermal treatment equipment 
characterized by preparing for the location which, as for said susceptor, the rear face of said susceptor 
corresponding to said spot facing location is formed evenly, the test section of said thermocouple is covered 
by the covering member, and this covering member is non-contact [ said / susceptor and non-contact ], and 
approaches. 

[Claim 2] The test section of said thermocouple is a thermal treatment equipment according to claim 1 
characterized by being covered by the covering member which has the heat conductivity more than said 
susceptor. 

[Claim 3] The test section of said thermocouple is a thermal treatment equipment according to claim 1 
characterized by being covered by the covering member formed by silicon carbide. 

[Claim 4] Said thermocouple is a thermal treatment equipment according to claim 1 which interpolation is 
carried out to the protecting tube formed by silicon carbide, and is characterized by preparing for the 
location which this protecting tube is non-contact [ said / susceptor and non-contact ], and approaches. 
[Claim 5] Said susceptor is a thermal treatment equipment according to claim 1 to 4 characterized by being 
single wafer processing. 

[Claim 6] The manufacture approach of the silicon epitaxial wafer characterized by laying a silicon single 
crystal wafer in the susceptor in a thermal treatment equipment according to claim 1 to 5, and performing 
vapor growth of a silicon single crystal thin film to it on the main front face of said silicon single crystal 
wafer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the thermal treatment 
equipment for processing thin film formation etc. to a silicon wafer, and a silicon epitaxial wafer. 
[0002] 

[Description of the Prior Art] The thermal treatment equipment for making thin films, such as a silicon 
epitaxial layer and an oxide film, form on the main fi-ont face of a silicon single crystal wafer (it is hereafter 
indicated as a wafer) is equipped with the heating apparatus which consists of a heat treatment container of 
the translucency which equipped the interior with the susceptor for laying a wafer, a halogen lamp formed in 
the perimeter of a heat treatment container, and is constituted. As such a thermal treatment equipment, two 
or more spot facing is formed so that two or more wafers can be laid in the single-wafer-processing thermal 
treatment equipment which processes one wafer at a time, and a susceptor at once, and thermal treatment 
equipments, such as a cylinder (barrel) mold which heat-treats to two or more wafers at coincidence, or a 
pancake mold, etc. are known. 

[0003] When forming a thin film in a wafer with this thermal treatment equipment, a wafer is arranged on 
the spot facing formed on the main fi-ont face of a susceptor, and a wafer is heated to predetermined 
temperature with heating apparatus. And a thin film is made to form on a wafer main front face by formation 
of silicon material gas, dopant gas, and an oxide film by formation of for example, a silicon epitaxial layer 
in a heat treatment container by supplying oxygen gas etc. by predetermined time and the predetermined 
flow rate (material gas for thin film formation). 

[0004] In heat treatment to such a wafer, since the formation rate of a thin film also cheinges with whenever 
[ stoving temperature / of a wafer ] with the presentation and flow rate of gas which are supplied in a heat 
treatment container, the temperature management under heat treatment is needed. Then, thermometry 
means, such as a thermocouple, are established in a heat treatment container, and temperature in heat 
treatment is controlled. For example, in the thermal treatment equipment of single wafer processing, as 
shown in drawing 7 , hollow 102b for thermocouple insertion is formed in the rear face of a susceptor 102, 
the edge of test-section 104a of the thermocouple 104 covered with this hollow 102b with the protecting 
tube made from a quartz etc. is inserted, and it is acting as the monitor of the temperature in heat treatment. 
[0005] 

[Problem(s) to be Solved by the Invention] since [ as mentioned above, ] a difference produces thin film 
formation to a wafer at a formation rate with temperature — under heat treatment — the temperature 
distribution within a wafer side — abbreviation — being maintained at a uniform condition is desirable. 
However, if the above hollow 102b for thermocouple insertion is formed in the rear face of the susceptor 2 
corresponding to the location of spot facing 102a which lays a wafer as shown in drawing 7 , the thickness 
of spot facing 102a will become thin in the part of hollow 102b. In a susceptor, since it is in the inclination 
for temperature to become low compared with the part where the part where thickness is thin is thick, from a 
perimeter, temperature will become low and nonuniformity will produce the part of this hollow 1 02b in the 
temperature distribution of spot facing 102a. 

[0006] When nonuniformity arises in the temperature distribution of spot facing, nonuniformity arises also 
in the temperature distribution of the wafer laid in the spot facing concerned, thin film ****** becomes 
slow and the thickness of the thin film formed in a wafer serves as an ununiformity in the part where 
temperature is low. Since it also becomes the cause that the yield in the case of manufacturing a 
semiconductor device etc. with the wafer concerned as thickness is uneven falls, it is not desirable. 
[0007] The technical problem of this invention is offering the manufacture approach of the thermal 
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treatment equipment which can obtain the wafer with which the good thin film of thickness distribution was 
formed by the temperature distribution of the wafer laid in spot facing serving as abbreviation homogeneity, 
and a silicon epitaxial wafer. 
[0008] 

[Means for Solving the Problem] The susceptor in which the spot facing (2a) in which the 1st means by this 
invention lays [1] silicon-single-crystal wafer (W) was formed (2), The heat treatment container which has 
the thermocouple (6) which measures the temperature of the susceptor concemed inside (1), [2] In the 
heating apparatus (5) which heats the silicon single crystal wafer laid in said susceptor, and the thermal 
treatment equipment (100) with which it has ** said susceptor The rear face of said susceptor corresponding 
to said spot facing location is formed evenly, the test section of said thermocouple is covered by the 
covering member, and it is characterized by preparing for the location which this covering member is non- 
contact [ said / susceptor and non-contact ], and approaches. 

[0009] Here, in order to measure the temperature of a susceptor, without a thermocouple contacting a wrap 
covering member to a susceptor as preparing for the approaching location, I hear that a covering member is 
made to approach a susceptor and it has it, and it is. 

[0010] According to invention of the 1st means, the hollow for thermocouple insertion is not formed in the 
rear face of the susceptor corresponding to a spot facing location, but the rear face of a susceptor is formed 
evenly, and since the thickness of a spot facing location is abbreviation homogeneity, it can prevent that the 
nonuniformity of unnecessary temperature distribution arises in spot facing in heat treatment. Therefore, 
whenever [ Men intemal temperature / of the wafer laid in spot facing at the time of heat treatment ], the 
nonuniformity of distribution becomes small and can perform uniform thin film formation etc. by the wafer 
top. 

[001 1] The 2nd means by this invention is characterized by covering the test section (6d) of said 
thermocouple (6) by the covering member which has the heat conductivity more than said susceptor (2) in 
the thermal treatment equipment (100) of the 1st means. 

[0012] According to the 2nd means, since a covering member is heated like a susceptor in the case of heat- 
treatment by covering the test section of a thermocouple by the covering member which has the heat 
conductivity more than a susceptor, even if the hollow for thermocouple insertion is not formed in the rear 
face of a susceptor, the thermometry value which reflects susceptor temperature with a thermocouple can be 
acquired. Therefore, since the monitor of the susceptor temperature can be appropriately carried out in case 
it heat-treats with a thermal treatment equipment, it can heat-treat appropriately to a wafer. 
[0013] The 3rd means by this invention is characterized by covering the test section (6d) of said 
thermocouple (6) by the covering member (cap 8) formed by silicon carbide (SiC) in the thermal treatment 
equipment (100) of the 1st means, 

[0014] Since the test section of a thermocouple is covered by the covering member formed by silicon 
carbide according to the 3rd means, in the case of heat-treatment, the test section of a thermocouple is 
heated with a susceptor and the thermometry value reflecting susceptor temperature can be acquired. 
Therefore, in a thermal treatment equipment, the monitor of the susceptor temperature can be carried out 
appropriately, and it can heat-treat appropriately to a wafer. 

[0015] In the thermal treatment equipment of the 1st means, interpolation of said thermocouple is carried 
out to the protecting tube formed by silicon carbide, and the 4th means of this invention is characterized by 
preparing for the location which this protecting tube is non-contact [ said / susceptor and non-contact ], and 
approaches. 

[0016] According to the 4th means, interpolation of the thermocouple is carried out to the protecting tube 
formed by silicon carbide, and it is covered with the protecting tube on which the test section of a 
thermocouple acts as a covering member. When this protecting tube is heated with a susceptor in heat 
treatment and temperature rises promptly, the measured value which reflects susceptor temperature with a 
thermocouple can be obtained. Therefore, in the case of heat treatment by the thermal treatment equipment, 
the monitor of the susceptor temperature can be carried out appropriately, and it can heat-treat appropriately 
to a wafer. 

[0017] Moreover, the 5th means by this invention is applying to the thermal treatment equipment (100) 
equipped with the susceptor of single wafer processing for the configuration of a publication at either [ said ] 
the 1 st - the 4th means. 

[0018] In the susceptor of a single-wafer-processing thermal treatment equipment, when the large wafer of a 
path is laid, a wafer occupies most susceptor main firont faces. In order to make the temperature distribution 
of this wafer into abbreviation homogeneity, when the installation location of a wafer tends to be avoided, a 
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hollow tends to be formed in a susceptor rear face, a thermocouple tends to be inserted and it is going to 
perform a thermometry, temperature will be measured by the periphery of a susceptor. When it does in this 
way, since it must make it the configuration which a thermocouple also rotates with a susceptor in order for 
the susceptor itself to usually rotate in heat treatment, and not only an exact thermometry is difficult, but 
[ since it is easy to be influenced of surrounding ambient temperature, ] the configuration of equipment 
becomes complicated, in a susceptor periphery, it is not desirable. Then, if the thermal treatment equipment 
of single wafer processing is equipped with said 4th configuration of the 1st - a meems, while being able to 
make the temperature distribution of the wafer installation location of a susceptor into abbreviation 
homogeneity in heat treatment, since a thermometry can be performed appropriately, it is suitable. 
Moreover, since the fall of the yield of a product can be controlled with a single-wafer-processing thermal 
treatment equipment since the good thin film of thickness distribution can be suitably formed in the large 
wafer of a path, and productivity can be raised by it, it is desirable. 

[0019] Moreover, the 6th means is the manufacture approach of the silicon epitaxial wafer characterized by 
laying a silicon single crystal wafer in the susceptor in a thermal treatment equipment given in either [ said ] 
the 1st - the 5th means, and performing vapor growth of a silicon single crystal thin film to it on the main 
fi-ont face of said silicon single crystal wafer. 

[0020] In the 6th means, the thickness of a spot facing part with the thermal treatment equipment formed in 
abbreviation homogeneity by forming evenly the rear face of the susceptor corresponding to a spot facing 
location whenever [ Men internal temperature / of the wafer laid since it will be prevented that 
nonuniformity arises in the temperature distribution in spot facing, if it heat-treats to a wafer and a silicon 
single crystal thin film is formed ] ~ distribution — nonuniformity — small — a wafer top — abbreviation — 
thin film formation can be performed by uniform thickness. Moreover, by carrying out interpolation to the 
protecting tube with which it is covered by the covering member which the test section of a thermocouple is 
covered by the covering member which has the heat conductivity more than a susceptor, or is formed by 
silicon carbide, or a thermocouple is formed by silicon carbide, with a thermocouple, the thermometry value 
reflecting susceptor temperature is acquired and the monitor of the susceptor temperature can be carried out 
appropriately. Therefore, in heat treatment, temperature control can be performed suitably, and the silicon 
single crystal thin film of desired thickness can be made to form suitably on a wafer. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to drawing. 

[Gestalt of the 1st operation] The outline block diagram of the thermal treatment equipment 100 of single 
wafer processing is shown in drawing 1 as an example of the thermal treatment equipment of this invention. 
This thermal treatment equipment 100 is equipment which performs one processing accompanied by heating 
of vapor phase epitaxial growth, formation of an oxide film, etc. at a time on the main fi-ont face of 
substrates, such as for example, a silicon single crystal wafer (wafer W). A thermal treatment equipment 100 
is mainly equipped with the heat treatment container 1 , the susceptor 2 for laying Wafer W, the support 
means 3 supporting a susceptor 2, the thermometry means 4, and the heating apparatus 5 grade for heating 
Wafer W, and is constituted. 

[0022] The heat treatment container 1 is for heat-treating by arranging Wafer W on the interior, and the top 
wall la and bottom wall lb are formed with the quartz of translucency. Moreover, gas supply opening Ic for 
supplying reactant gas in the heat treatment container 1 and Id of gas exhaust which makes gas discharge 
fi-om the heat treatment container 1 are formed in the side attachment wall of the heat treatment container 1 . 
[0023] The interior of the heat treatment container 1 is equipped with a susceptor 2, coating of the silicon 
carbide (SiC) is carried out to graphite, and it is formed in it. Spot facing 2a of the approximate circle form 
for laying Wafer W is formed in the main fi-ont face of a susceptor 2, The support means 3 branches to a 
radial towards the slanting upper peirt from the revolving shaft 3 (the rotation driving means which is not 
illustrated is connected with the revolving shaft 3) which sets caudad and extends in the vertical direction 
and the revolving-shaft 3 upper-limit section of a susceptor 2, is looked like [ spoke 3b to which the point 
supports susceptor 2 inferior surface of tongue ], and is more nearly mainly constituted. Crevice 2b is 
formed in the part in contact with the spoke 3b point of the support means 3 in the rear face of a susceptor 2. 
By invagination of the spoke 3b point being carried out to this crevice 2b, a susceptor 2 is fixed on the 
support means 3. 

[0024] By the way, when the difference was in the thickness of a susceptor 2 in spot facing 2a and it is 
heated, compared with a thick part, temperature becomes low, and the part where thickness is thin affects 
processing of thin film formation to the wafer W laid in spot facing 2a etc. In making flat the rear face of the 
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susceptor 2 corresponding to the location of spot facing 2a and forming a slot, a hollow, etc. in this rear face 
from this, it makes it the range (so small that the nonuniformity of the temperature distribution of spot 
facing 2a does not cause trouble to heat treatment) which does not affect heat treatment to Wafer W. As 
range of the depth of such a hollow etc., what is necessary is just Inrun or less. That is, if the depth of the 
hollow formed in the rear face of a susceptor 2 is 1mm or less, it will be considered that it is flat. It forms 
outside the location of spot facing 2a, and is made for nonuniformity not to arise in the temperature 
distribution of spot facing 2a about said crevice 2b. 

[0025] The thermometry means 4 does not act as the monitor of the temperature at the time of heat-treating 
to Wafer W, and in order to obtain the measured value which is the location which does not cause trouble to 
heat treatment of Wafer W, and reflected the temperature of Wafer W as much as possible, the rear-face side 
of the susceptor 2 corresponding to the center position of spot facing 2a is equipped with it in the location 
which are this susceptor 2 and non-contact, and approaches. In a thermal treatment equipment 100, it has the 
thermometry means 4 between the rear face of a susceptor 2, and the support means 3. The schematic 
diagram in which drawing 2 showed the susceptor 2 and the thermometry means 4, and drawing 3 are the 
block diagrams showing the thermometry meeins 4 in part in a cross section. The thermometry means 4 is 
put on the upper part of the wrap protecting tube 7 and the protecting tube 7 in the perimeter of a 
thermocouple 6 and a thermocouple, it is equipped with 6d of test sections of a thermocouple 6, and the 
wrap cap 8 is constituted in them. 

[0026] A thermocouple 6 is equipped with platinum wire 6a, platinum-rhodium-alloy line 6b, and 
insulating-tube 6made from ceramic c that wraps these two metal wires, and 6d of test sections which the 
edge of platinum wire 6a and platinum-rhodium-alloy line 6b exposes is formed in the point of insulating- 
tube 6c. 

[0027] The protecting tube 7 is tubing made from a quartz with which the upper limit section was 
blockaded, it interpolates a thermocouple 6 so that the perimeter of insulating-tube 6c of a thermocouple 6 
and 6d of test sections may be covered, and it protects a thermocouple 6. It is the member formed by silicon 
carbide (SiC), and the cap 8 (covering member) is formed in the wrap configuration in the perimeter of an 
edge of the protecting tube 7 in which 6d of test sections of a thermocouple 6 is located. 
[0028] The thermometry means 4 makes a susceptor side the edge by the side of 6d of test sections, and the 
rear-face side (the gestalt of this operation under) of a susceptor 2 is equipped with it. In that case, few 
clearances are prepared among these so that the edge of the cap 8 by the side of 6d of test sections and the 
rear face of a susceptor 2 may not contact. It is because it will be in the same condition as the case where 
thickness of a susceptor is thickened, the temperature of a susceptor 2 will become high in the part 
concemed in the case of heat treatment and nonuniformity will arise in temperature distribution in the part 
concemed, if a susceptor 2 and cap 8 contact. On the other hand, if the distance of a susceptor 2 and cap 8 is 
large, since it will become difficult to acquire the thermometry value reflecting the temperature of Wafer W, 
the location close to a susceptor 2 is equipped with the thermometry means 4. As spacing prepared between 
the rear face of a susceptor 2, and cap 8, it is so desirable that it is more near. Spacing of a susceptor 2 and 
cap 8 is set to about 0.5mm with the gestalt of this operation. 

[0029] Heating apparatus 5 consists of halogen lamps etc., is formed in the upper part of the heat treatment 
container 2, and a lower part, respectively, is irradiated from the outside of the heat treatment container 1 to 
a susceptor 2 by upper heating apparatus 5a and downward heating apparatus 5b, and heats a susceptor 2 
and Wafer W with the radiant heat. 

[0030] In addition, the thermal treatment equipment 100 is equipped with the gas supply section (illustration 
abbreviation) for supplying various reactant gas, carrier gas, etc. in the heat treatment container 1 by a 
predetermined presentation and the flow rate. The gas supply line prolonged from this gas supply section is 
connected to gas supply opening 1 c of the heat treatment container 1 . 

[0031] The heat treatment approach by this heat treatment measure 100 is explained. First, with heating 
apparatus 5, where Wafer W is laid in spot facing 2a formed in the main front face of the susceptor 2 in the 
heat treatment container 1 , while rotating a susceptor 2, it heats so that Wafer W may become predetermined 
temperature, the temperature of Wafer W detects the temperature of the part concemed with the 
thermometry means 4 allotted to the rear- face side of a susceptor 2 — indirect — measuring — the monitor 
between heat treatment processes — it carries out. And reactant gas is circulated by the predetermined flow 
rate and presentation in the direction of 1 d of gas exhaust from the gas supply opening 1 c side so that gas 
may flow on the main front face of Wafer W. For example, in the case of the silicon epitaxial stratification, 
in oxide film formation, oxygen gas etc. is supplied for silicon material gas (for example, dichlorosilane, 
trichlorosilane, etc.), dopant gas, etc, by etching again on the wafer which heated hydrogen chloride gas etc. 
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with carrier gas, such as hydrogen gas. Processing of thin film formation of a silicon epitaxial layer, an 
oxide film, etc., etching, etc. is performed on the main fi-ont face of Wafer W by the mixed gas of this 
reactant gas and carrier gas. In addition, whenever [ stoving temperature ], if a presentation and flow rate of 
the gas to circulate, circulation time amount, etc. are the property of the thin film considered as a request, 
thickness, or etching, they will set up etching thickness etc. suitably for every processing. 
[0032] Since according to the above thermal treatment equipment 100 the rear face of the susceptor 2 
corresponding to the location of spot facing 2a is formed evenly and the location which is non-contact and 
approached the susceptor 2 is equipped with cap 8, in case it heat-treats, it is prevented that the 
nonuniformity of temperature distribution £irises in a susceptor 2, and the temperature of a susceptor 2 is 
measured. Therefore, since the nonuniformity of distribution can become small and can heat-treat to 
homogeneity by Wafer W top whenever [ Men internal temperature / of the wafer W laid in spot facing 2a ], 
for example by manufacture of a silicon epitaxial wafer, a silicon single crystal thin film can be formed by 
more uniform thickness. 

[0033] Moreover, since silicon carbide is about 31 W/(m-K) and both values are similar to graphite of 
thermal conductivity being about 40W/(m-K) in 1000 degrees C, in the case of heat treatment, cap 8 is 
heated with a susceptor 2 by heating apparatus 5, it becomes a susceptor 2 and the same temperature as 
abbreviation, and 6d of test sections can detect the thermometry value reflecting the temperature of a 
susceptor 2. Therefore, in the heating process of heat treatment, the temperature measured with a 
thermocouple 6 can follow in footsteps of temperature fluctuation of a susceptor 2, and can carry out the 
monitor of the temperature of a susceptor 2 appropriately. Therefore, a heat treatment process can be 
controlled appropriately and forming the thin film of the thickness of a request to Wafer W in homogeneity 
etc. can heat-treat suitably. 

[0034] Furthermore, when a thermal treatment equipment 100 is single wafer processing, although the 
thermometry means 4 is located in the center of rotation, since it does not need to form the hollow for 
thermocouple insertion in the rear face of the susceptor 2 corresponding to the center of rotation, i.e., a 
wafer W core, it can make abbreviation homogeneity thickness of a spot facing 2a part. Consequently, since 
the thin field of thickness is not formed in the core of a thin film but a thin film with more good thickness 
distribution can be formed, it becomes [ to suppress the yield fall of a product or to raise productivity ] 
possible and is suitable. 

[0035] moreover — according to the manufacture approach of a silicon epitaxial wafer that a thermal 
treatment equipment 100 performs vapor growth of a silicon epitaxial layer (silicon single crystal thin film) 
to Wafer W — whenever [ field intemal temperature ] — distribution — abbreviation — since it can heat-treat 
acting [ can heat Wafer W so that it may become vmiform, and ] as the monitor of the temperature of a 
susceptor 2 appropriately with the thermometry means 4, thickness distribution of the silicon single crystal 
thin film formed in Wafer W becomes good. Therefore, the fall of the yield of the product manufactured 
using Wafer W is also suppressed, and it is suitable. 

[0036] In addition, if silicon carbide coating is capped to graphite like a susceptor (covering member) and is 
formed in it as a modification of the gestalt of the above-mentioned implementation, it can have the same 
thermal conductivity as a susceptor. Moreover, if a cap is formed with an aluminium alloy or copper, a cap 
can have thermal conductivity higher than the graphite which constitutes a susceptor. Since these caps can 
have the thermal conductivity more than a susceptor, in the case of heat treatment, they are heated with a 
susceptor and can indicate the same temperature transition to be a susceptor substantially, 
[0037] Moreover, as other modifications of the gestalt of the above-mentioned implementation, the wrap 
protecting tube itself is formed for a thermocouple by silicon carbide, or it forms for the material which has 
the same thermal conductivity as a susceptor and abbreviation, or the thermal conductivity more than a 
susceptor, and you may make it cover the test section of a thermocouple. Since the protecting tube is heated 
with a susceptor and carries out the same temperature transition as a susceptor by forming the protecting 
tube by such member, with a thermocouple, the thermometry value reflecting susceptor temperature can be 
acquired and the same effectiveness as the gestalt of the above-mentioned implementation can be acquired. 
[0038] Moreover, this invention is not limited to the gestalt of the above-mentioned implementation, and 
forms a silicon epitaxial layer in a wafer, and also it may be applied to formation of an oxide film, and heat 
treatment of etching etc. Furthermore, this invention may be applied to the thermal treatment equipment 
which could apply to the thermal treatment equipment of the type which heat-treats by laying two or more 
wafers in the susceptor in a reaction chamber besides a single-wafer-processing thermal treatment 
equipment, for example, was equipped with the susceptor of a cylinder mold (barrel type) and a pancake 
mold. In addition, of course, the thermocouple used for a thermometry means can also use the thing of the 
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various types except having been shown in the gestalt of the above-mentioned implementation. 
[0039] [The example 1 of a comparison] 

In the conventional theraial treatment equipment of the themial-treatment-equipment ** fomier, it is made 
to go up to about 1 100 degrees C in about 55 seconds by making 900 degrees C into heating initiation 
temperature, and a setup of whenever [ stoving temperature ] is performed so that it may become fixed at 
11 00 degrees C after that. The equipment to be used is vapor growth equipment of single wafer processing, 
as a thermometry means, equips a thermocouple with the protecting tube made from a quartz, and uses that 
by which the cap is not prepared in a test section. Moreover, the hollow for thermometry means insertion (a 
depth of 4mm) is formed, and a 0.5nmi clearance is established for a thermometry means in the core on the 
rear face of a susceptor between susceptors, and it inserts in it in this hollow. This is made into thermal- 
treatment-equipment **. 

[0040] In the conventional thermal- treatment-equipment **, it heated according to the above-mentioned 
setup, and the thermocouple performed the thermometry. Consequently, the thermometry values over 
elapsed time were about 900 degrees C per 5 seconds, about 910 degrees C, about 930 degrees C, about 950 
degrees C, about 970 degrees C, about 990 degrees C, about 1010 degrees C, about 1030 degrees C, about 
1050 degrees C, about 1070 degrees C, about 1085 degrees C, about 1 105 degrees C, and about 1 100 
degrees C (henceforth fixed for 65 seconds) in 0 second after heating initiation about 900 degrees C and 
henceforth. The broken line which gave the square mark of ** to the graph (the thermometry value over 
elapsed time: temperature profile) of drawing 4 R> 4 (a) and (b) shows this temperature transition. 
[0041] [The example 2 of a comparison] 

As a thermal-treatment-equipment ** susceptor in the middle of development, the susceptor (susceptor with 
the flat susceptor rear face corresponding to a spot facing location) by which the hollow for thermometry 
means insertion is not formed in the rear face is prepared. A thermometry means is arranged in the location 
which prepares a susceptor and a 0.5mm clearance and approaches a susceptor rear-face side with a 
susceptor. Others acquired the thermometry value which performs 900 degrees C - 1 100 degrees C heating 
by the same temperature setup as the above-mentioned example 1 of a comparison, and is measured with a 
thermometry means using thermal-treatment-equipment ** considered as the same configuration as above 
thermal-treatment-equipment **. 

[0042] Consequently, the thermometry values over elapsed time were about 900 degrees C per 5 seconds, 
about 905 degrees C, about 915 degrees C, about 935 degrees C, about 955 degrees C, about 975 degrees C, 
about 990 degrees C, about 1015 degrees C, about 1035 degrees C, about 1050 degrees C, about 1060 
degrees C, about 1075 degrees C, about 1080 degrees C, about 1090 degrees C and about 1 100 degrees C 
(75 seconds) in 0 second after heating initiation about 900 degrees C and henceforth The continuous line 
which gave the round-head mark of ** to the graph of drawing 4 (a) shows this temperature transition. 
[0043] [Example 1] 

Establishing the thermometry means which equipped the thermal-treatment-equipment ** thermocouple of 
this invention with the protecting tube made from a quartz, and was equipped with the cap further formed in 
the perimeter of a test section of a thermocouple by silicon carbide, others acquire the thermometry value 
which performs 900 degrees C - 1 100 degrees C heating by the same temperature setup as the above- 
mentioned example 1 of a comparison, and is measured with a thermometry means using thermal-treatment- 
equipment ** of this invention considered as the same configuration as thermal-treatment-equipment ** in 
the middle of the above-mentioned development. 

[0044] Consequently, the thermometry values over elapsed time were about 900 degrees C per 5 seconds, 
about 910 degrees C, about 930 degrees C, about 950 degrees C, about 970 degrees C, about 990 degrees C, 
about 1010 degrees C, about 1030 degrees C, about 1050 degrees C, about 1070 degrees C, about 1085 
degrees C, and about 1 100 degrees C (henceforth fixed for 60 seconds) in 0 second after heating initiation 
about 900 degrees C and henceforth. The continuous line which gave Mark Misumi of ** to the graph of 
drawing 4 (b) shows this temperature transition. 

[0045] Although the susceptor rear face corresponding to a spot facing location is flatter than the above 
result, in thermal-treatment-equipment [ in the middle of the development using the thermometry means 
which is not equipped with the cap formed by silicon carbide ] **, the rise of the temperature measured after 
heating initiation is slow compared with the conventional thermal-treatment-equipment **. In thermal- 
treatment-equipment [ of this invention ] ** which has the thermometry means equipped with the cap which 
made flat the rear face of the susceptor corresponding to a spot facing location, and was formed by silicon 
carbide on the other hand, the thermometry value in the conventional thermal-treatment-equipment ** which 
inserted the thermometry means in the hollow on the rear face of a susceptor, and the same measurement 
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result as abbreviation are obtained. Therefore, if the thermometry means which prepared the cap made from 
silicon carbide is used for the test section of a thermocouple when forming evenly the susceptor rear face 
corresponding to a spot facing location, it will become possible to heat-treat by the same temperature setup 
as usual. 

[0046] [The example 3 of a comparison] 

Whenever [ Men internal temperature / of the wafer in thermal-treatment-equipment ** ], using distributed 
heat processor **, a flow rate, growth time amount, etc. of trichlorosilane (SiHClB) gas are set up, and vapor 
growth is carried out so that a silicon single crystal thin film may be made to form at 950 degrees C to the 
main front face of a wafer. Since 950 degrees C is a reaction rate-limiting temperature field for 
trichlorosilane, the thickness distribution proportional to distribution whenever [ Men intemal temperature / 
of a wafer ] is formed. About this wafer, thickness measurement is performed by two or more [ in a field ], 
and thickness distribution is acquired. Thickness measurement of a silicon single crystal thin film is 
performed by two or more places of the diameter direction of a wafer. That is, a wafer core is made into zero 
point, across a core, one side of a path is made forward, another side is made negative, and a location is 
pinpointed with the distance (mm) from a core. And the thickness in each location of the diameter direction 
is measured. From this measured thickness, the growth rate of a thin film is computed and the temperature 
of wafer each location under [ this growth rate to ] heat treatment is searched for. The detail of this 
measuring method is indicated by JP,2000-40663,A. 

[0047] Consequently, the value of the temperature in each location of a wafer was applied to the location 
with a distance of +90mm from about 981 degrees C and a following core (zero point) centering on the 
wafer (location of 0mm), and were about 981 degrees C per distance of 10mm, about 980 degrees C, about 
978 degrees C, about 977 degrees C, about 974 degrees C, about 972.5 degrees C, about 971 degrees C, 
about 968 degrees C and about 965 degrees C Moreover, it applied to the location with a distance of -90mm 
from the core, and they were about 981 degrees C per distance of 10mm, about 980 degrees C, about 977.5 
degrees C, about 976 degrees C, about 973 degrees C, about 972 degrees C, about 969 degrees C, about 967 
degrees C, and about 963 degrees C. In drawing 5 (a), the duplex broken line of** shows these temperature 
distribution. 
[0048] [Example 2] 

Vapor growth of a silicon single crystal thin film is performed on the main front face of a wafer using the 
Men intima thickness distribution of a wafer and temperature-distribution thermal -treatment-equipment ** 
in thermal-treatment-equipment ** on the same conditions as heat treatment performed to the wafer using 
thermal-treatment-equipment ** in said example 3 of a comparison. About this wafer, two or more thickness 
measurement in a wafer side is performed by the same approach as said example 3 of a comparison. And the 
ratio of the thickness of each location to the thickness of zero point (wafer core) is computed, and thickness 
distribution is acquired from the measurement result of each thickness. 

[0049] Consequently, when 0mm (wafer core) was set to 1.000, it applied to the location with a distance of 
H-80mm from the core (zero point) below, and thickness ratios were 1.002, 1.017, 1.028, and 1.040 for every 
distance of 20mm. On the other hand, it applied to the location with a distance of -80mm from the core (zero 
point) below, and was 1.005, 1.012, 1.025, and 1.045 for every distance of 20mm. 
[0050] In addition, in the diameter direction which performed this thickness measurement, about the 
distance of 20mm and -20mm, thickness was further measured in the detail and the thickness ratio to the 
thickness based on wafers was computed from the core. Consequently, it applied to the location with a 
distance of +20mm from the core (zero point) below as 1.0000 by 0mm, and was 1.0000, 0.9998, 0.9998, 
0.9998, 0.9999, and 1.0000, 1.0005 and 1.0020 for every distance of 2.5mm. Moreover, it applied to the 
location with a distance of -20mm from the core (zero point), and was 1.0005, 1.0008, 1.0010, 1.0018, 
1.0025, 1.0030, 1.0038, and 1.0040 for every distance of -2.5mm. In drawing 6 (a) and (b), the broken line 
of** shows this thickness distribution. 

[0051] From the thickness of the thin film measured above, by the same approach as said example 3 of a 
comparison, a thin film growth rate is computed and the temperature under heat treatment in each location 
of this growth rate to a wafer is searched for. 

[0052] Consequently, the temperature in the diameter direction of a wafer was applied to the location with a 
distance of +90mm from about 950 degrees C and a following core by 0mm (wafer core), and was about 950 
degrees C per distance of 10mm, about 950 degrees C, about 949 degrees C, about 950 degrees C, about 950 
degrees C, about 952 degrees C, about 954 degrees C, about 956 degrees C, and about 957 degrees C. 
Moreover, it applied to the location with a distance of -90mm from the core, and they were about 950 
degrees C per distance of 10mm, about 950 degrees C, about 950 degrees C, about 950 degrees C, about 952 
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degrees C, about 953 degrees C, about 955 degrees C, about 956 degrees C, and about 957 degrees C. 
Furthermore, when the detail was asked more for distribution whenever [ Men internal temperature ] in the 
distance of 20mm, and the range of -20mm from the core, it was abbreviation homogeneity at about 950 
degrees C. In drawing 5 (a) and (b), the broken line of** shows these temperature distribution. 
[0053] [The example 4 of a comparison] 

Distribution is acquired using the Men intima thickness distribution of a wafer and temperature-distribution 
thermal-treatment-equipment ** in thermal-treatment-equipment ** whenever [ under heat treatment / 
thickness distribution / which gives vapor phase epitaxial growth to a wafer, is made to form a silicon single 
crystal thin film, and is formed in a wafer like the above-mentioned example 2 on the same conditions as 
heat treatment in the above-mentioned example 2 /, and Men intemal temperature ]. 

[0054] Consequently, the thickness ratio in the diameter direction of a wafer was applied to the location with 
a distance of +80mm from the core (zero point) below as 1 .000 centering on the wafer (location of 0mm), 
and were 1 .01 0, 1 .01 6, 1 .032, and 1 .050 for every distance of 20nrai. On the other hand, if it applied to the 
location with a distance of -80mm from the core (zero point) below, it was 1.006, 1.012, 1.029, and 1.045 
for every distance of 20mm. 

[0055] In addition, in the diameter direction which performed thickness measurement above, about the 
distance of +20mm, and the range of -20mm, thickness measurement was further carried out to the detail, 
and the thickness ratio to a wafer core was computed from the core. Consequently, it applied to the location 
with a distance of +20mm from the core (zero point) below as 1 .0000 by 0mm, and was 1 .0020, 1 .0045, 
1.0075, 1.0087, 1,0090, 1.0095, 1.010, and 1.010 for every distance of 2.5mm. Moreover, it applied to the 
location with a distance of -20mm from the core (zero point), and was 1 .0010, 1 .0035, 1 .0060, 1 .0065, 
1.0075, 1.0075, 1.0070, and 1.0060 for every distance of -2.5mm. In drawing 6 (a) and (b), the continuous 
line of** shows this thickness distribution. 

[0056] Moreover, the temperature in each location of a wafer is acquired from the measured thickness by the 
same approach as the above-mentioned example 3 of a comparison. Consequently, the temperature in heat 
treatment of wafer each location was applied to the location with a distance of +90mm from about 948 
degrees C and a following core (zero point) centering on the wafer (location of 0mm), and was about 950 
degrees C per distance of 10mm, about 950 degrees C, about 952 degrees C, about 953 degrees C, about 956 
degrees C, about 958 degrees C, about 963 degrees C, about 966 degrees C, and about 967 degrees C. 
Moreover, it applied to the location with a distance of -90mm from the core, and they were about 950 
degrees C per distance of 10mm, about 951 degrees C, about 952 degrees C, about 953 degrees C, about 956 
degrees C, about 959 degrees C, about 964 degrees C, about 967 degrees C, and about 968 degrees C. 
[0057] Furthermore, when the detail was asked more for temperature distribution in the distance of +20nmi, 
and the range of -20mm from the core of a wafer, centering on the wafer, it applied to the location with a 
distance of +20mm from about 948 degrees C and a core, and they were about 948.1 degrees C per distance 
of 2mm, 948.5 degrees C, 949.0 degrees C, 949.5 degrees C, 949.6 degrees C, 949.7 degrees C, 949.8 
degrees C, 950.0 degrees C, about 950.1 degrees C, about 950.3 degrees C Moreover, it applied to the 
location with a distance of -20mm from the core, and they were about 948.2 degrees C per distance of 2mm, 
about 948.8 degrees C, about 949.5 degrees C, about 950.0 degrees C, about 950.2 degrees C, about 950.3 
degrees C, about 950.3 degrees C, about 950.4 degrees C, about 950.5 degrees C, and about 950.6 degrees 
C. In drawing 5 (a) and (b), the continuous line of** shows these temperature distribution. 
[0058] Although the part where a thickness ratio and temperature distribution are sharply changed near the 
core of a wafer is seen in thermal-treatment-equipment [ of the example 4 of a comparison ] **, in processor 
** and **, temperature distribution are gently-sloping with the whole wafer. The hollow for thermometry 
means insertion is formed in the core on the rear face of a susceptor in thermal-treatment-equipment **, it is 
the effect of this hollow, nonuniformity arises to the susceptor temperature of the part concemed, and this 
affects thin film formation of a wafer. 

[0059] Moreover, in thermal-treatment-equipment [ of the example 3 of a comparison ] **, although big 
nonvmiformity has not arisen in the temperature distribution of the wafer in the narrow field near a wafer 
core, the wafer core serves as an elevated temperature from the wafer periphery, and the temperature 
gradient is over 1 5 degrees C. This is because heat-treatment will be performed too much in thermal- 
treatment-equipment ** in order to be in the rise of the thermometry value by the thermometry means, as 
shown by the temperature profile of drawing 4 (a). 

[0060] In thermal-treatment-equipment [ of an example 2 ] **, the difference of temperature distribution is 
less than 10 degrees C, and temperature nonuniformity is small, and thickness distribution of a thin film is 
also good. This is because the cap was heated with the susceptor, the thermometry value reflecting the same 
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susceptor temperature as the case where the thermocouple is being conventionally inserted in the hollow of a 
susceptor could be acquired and heat treatment was performed appropriately by preparing the cap made 
from silicon carbide in the test section of a thermocouple in addition to the rear face of the susceptor 
corresponding to a spot facing location being flat. 
[0061] 

[Effect of the Invention] According to this invention, in a thermal treatment equipment, it can prevent that 
the nonuniformity of temperature distribution arises in spot facing in thQ case of heat treatment by forming 
evenly the rear face of the susceptor corresponding to a spot facing location. Moreover, the test section of a 
thermocouple is covered by the covering member which has the heat conductivity more than silicon carbide 
or a susceptor, and the thermometry value reflecting susceptor temperature can be acquired by preparing for 
the location which this covering member and a susceptor are non-contact, and approaches. Therefore, while 
being able to make nonuniformity of distribution small whenever [ Men internal temperature / of the wafer 
laid in the spot facing of a susceptor ], it can heat-treat appropriately and a wafer can perform formation of 
the silicon single crystal thin film of uniform thickness etc. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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WTfeoT. ^«jtt6<^)«feiiim6 c tail^gpe dtO^H 
J:3fC|^«t*6«-F«3ifbT. !?ft«jt*6^«ii^« 

iSmit^-^m (SiC) T?JgfiK^ti;rc:giM^T'feoT> ^« 

J* 6 oM^gp 6 d *^fi[B-r %> umm 7 (os^m m^m o 

[0028] SftSaS^S 4 •9-t:!/:5' 2 ©SSfflfl 
:^:5f2 2;4^ir>y:;^8i:*^gtt-rsi:. ^SSm-^titc-b 

•t:/^f 2(DS®i:^-^«;'y8 t.(Dmicmf^mmtLx 

[0 0 2 9] 4ns^B5t±. ^Nny^/^V'rf^T'flifig^ 
x^ t) > ±:^<oija^m. Sat. T*<?>inl^B 5 b i: 

icjii-oxm^mmi i 2 fcj^uTSs 

*f U ^©ISItl^-eif-b:?'^' 2 1 '>x-/NWi:«:*B5»^ 

[0 0 3 0] m^m^m 1 0 o«, m^is:sj^:ff7. 

5o c(D:»x^fimt}^^mxf^:^xmti^:^Et>\ man 
mms 1 ©;«fx«s&p 1 c icmut£tL^ j: 5 tc^^? ti/> 

50 «o 
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[00 3 1] c<omim.mm. i o o(c<i:5.^s:^&{c 

±a®te}gfig*nfc^<'t) 2 arttC'>x--'NW«:«BL 

tc. :^x««&pi cffi!lft^e.:*;:^fifaiPi d::^iq){cSJS;;«f 
E<0=¥^ V Ti37. t fciofabfcJ; x-/N±»c«|&-r 

[0032] J-X±O^S^a 1 0 0 {C J;tlifv ^ <* t) 
2 a ®fitg{c5tJS-r§-9-tr:/^f 2 oa®Jt)^^S(cj^fi!c? 

[0 0 3 3] ^li^tt. lOOCCtefeV^Ti^^^ 

^tti* 6 T'm&f£n?>mmti^v-t:fi> 2 ©iss^ 
fciira-p^x ®«fc-9-fe:/:S'2<Dae«:^-^^»— -e* 

[0 0 3 4] I^MS^S 1 O Osb^tScai^Oli 

•^^ ^aiEM^#S4^±lHIte4'4:^{ce«■r5*\ lae'f'^^ 



(5) q^|§2 0 0 3-l 9 7 54 6 
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[0 0 3 5] $/c. ^SSS 1 0 0T">x-/NW{C-> 
Unvxtf^J^Sz-V^l/g (->U=i>m^S5i®) <D^ffl 
^fi^rfT-? i^U 3Vxtf ^+->'-fr;l/'^x— /NOiSBST^ji 
teJ:ntf. ffiF«3afii)-:**^iiiSi^-f:ft«j;-5te'>x-^N 

[0 0 3 6] ±ISIISSOJg8IOEJg^Ji:LT> 

•y:^ (;«7^i-aB«) ^^-f^mm.i,cif^yr^ Viz 

[0 0 3 7] Sfc±iB^S£<OJg||tOffS©SJ^MfcbT. 

[0 0 3 8] s/fc*^B^t±. ±iBiiieacD?^gSfc|5s^^n 

S 51 i: < X •> X— /^^c->' U u i/x \f^^->-e?vm^ 

ii«bT«.J:(/^o 5SJC2(:SI^«, «JSISI^S^H<D 
a*\ SJS^F«i©-9-lry^»fc?®SfcRO'>x— /N^grmau 

[0 0 3 9] ommi} 
so itmii^<oms^smmx^^x. mmn&^mtvc 
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p 

CO 0 4 0] ^^e*©S^S^a®^^:fev^T. ±9S.WS^lc 

iS59oo'c, JK^e>«rfcfc, is^goo'c, $591 or, is?i93o 
•c. *?i95ot:, f^jgyoic, mQox. itsioiot. *iiio30 
"C, f^ioBO'c. i^io70*c. *^i085*c, *5ii0 5'c. m\^o 
Qx. (65#, im~^^ -efe^rco ccoiaa^^*, 0 
4 (a) , ib) (Dif^y (iS5S^F^{c?*-rsiaeaij^ 

[00 4 1] [Jt®M2] 

1 O}a9fK^-e900'C~1100'C€)Anf^Jg:fTV\ tg 

[0 0 4 2] ^<oi^¥k. i^nmicnt^^is^m^ 
■c. s^jgoB-c. ^sgiB-c, mz^x. m^isbx. misx. 

*?I990"C, S^1035*C, ij^lOBOt:, $«I1060'C, 

J^iosox:. *?iio90"t:s I'liioo'c (7si3>) x^ 

ofco ^(OMAW^^. 0 4 Ca) ©y^^JC, ©03tl 
[0 0 4 3] CHifgMl] 

M 1 1 |si-oMgna^T'90ox;~i iooic<^)Aq^%ffv\ 

[0 0 4 4] -toiem, «iSi^F5fcjtr'5iassii^fii 

■c. s^jgiot. *t930'c. stgso'c. m^iox. m^^ax. 
m\Q\ox. mo2ox. $51050*0. j^ioyot. s^jiossr, 

0 4 (b) (Dif^yic. ®0=ftv-i^«:#Lfe|| 

[0 0 4 5] «±<oisma:t). j^<*t)tiafc?*/Sf ^-y- 



(6) iRFM2003-l 9 7 54 6 

fes^^^s^fflu^ntf . mist 

[0 0 4 6] CitlHEMS] 

Si«i3i^B©5&ffli/>T, p 3^-^-^<o^mmicn\.mx 

T-> 'J 3 J; 3 fc. h 'J n D 

(SiHCIs) 7!fX<Dg5a:te<ttffigg^F^^^^SL 

(nm) iC^r^XULM^n^-r^o ^LT, 

St?'©'i'i-''NSfitBozss^^fe^o c(DmM:^m<o 

mmit. !|fgS2000-40663^^lC|SK^nTl.>-So 
iO [00 4 7] ^Oi^m, >J/i— /N<D=&fi[Bt;6tJ«iaK 

>D (Oj^) A^?>SeSI+90nmiCD'6iBtC*HtTSMl0iiincrfc 
iC, iKjaSlt;. m980X. m978X. m977X. m974X. 

m7zsx^ ^^7^x. meax^ »?j965'ct?feofco * 

fcs ff^Lv^^^ffiSi-gairiOfififC^HtTiE^IOnnieri; 
{C. S^/gSlU *?I980U )^977.5*C. m976X. i^973 
■C. 15972'C, *?l969t;s m9G7X. mQeSXX^-ofco <1 
OMm^^^. 05 (a) tc;teV>T©©-fi«a9T?^ 

40 [0 0 4 8] CIISfi0!l2D 

I^S^B®*fflV>T, SutEltS80!l3T'f^S^B®« 

m^^x^jL—^^icn-:>rcmMmtm—^fi'v. 'i'x— 

50 Co 0 4 9] ^-Oig:^. Oran ("^x— /N(f«iLO OOOt 
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IJ 

Ts ^mQmL:tl^. MiPitlil. 002. 1.017. 1.028. 
1.040T'fe^fco -:;^r> J^(T^t'4:^ (OjS) sb^^SEH-SOnm 
©{aSteJtjHJT. ffiRKOnriCrtJC. 1.005. 1.012. 1.02 
5. 1.045Tfet3fco 
[0 0 5 03 iS. <10MWi!J^«:?T-prcllg7JlRjJC:6V> 
T. f^'iL^*^e.20^InfeJ:tf-20^In©ffil8^C•^^,^T. *?)tC 

Jt^rStBLfco OnmTI.OOOOfcLT. J&(T* 

O (Oji^) *-'e.Sl^20nniOtiiS{i:*HJTaili2.5nracri: 
(C. 1.0000. 0.9998. 0.9998. 0.9998. 0.9999. 1.000 
0. 1.0005, 1.0020T?fe^fco tf>i^ (0;S) A^?)^ 

S-20nroOffifitc*H:}-T^lS-2. SranCttC. 1. 0005. 
1.0008. 1.0010. 1.0018. 1.0025. 1.0030. 1.0038. 1. 
0040T?&-prco ilCDlM^^^^m*. 06 (a) . (b) \C 

[0 0 5 2]^®)^^. t7x— /MDlSS:§|q]{CfettS?S 
igti. Oran (•J'JL— >'^"^J>L^) •??*?I950'C. WT4'^dA^6EB 
ffi+90nnKD(ftBfC*HtT]Efl10imic:fcte. if«l950'1C. iMl95 
Ot:. iKl949*C. m^SQX. ^^QSOt. 1^952*C. iKl954'C. 
$595610. )fiJ957t;Tfe-:?fCo SfcPT'OJb^e.mSi-SOnnKD 
ffiBtcAHtTSJSIOnmiirttC. i^950X;. $iJ950lC. *?J95 
O'C. *?J950*C. *?|952'C. iKj953'C. *?F955'C. *!)956'C. 
?^957'CTfeofco f;i>:i>e,^j§i20ninfeJ:tf-2 
0nin<7>IEHJC:feV>T. <t t)l¥«i^c®|^tga[:9-:^^r^J6:fc 

0 5 (a) . (b) lcis\4^x<3>oymSk-vmr^ 
[0 0 5 3] CJ±ii!:0iJ4D 

[0 0 5 4] ^<OmWi. 'J'x— ^^C>iS@:^I^I^C:fe^t§K 
Plt«. (ftrniOffiS) T?1.000tLT. iJt 

Tf^'^■^ (0^) *^6.ffi)a+80mnOfil[«tC5bHJTISai20niiiCr 
fctC. 1.010. 1.016. 1.032. 1.050-J?fe-pfco — i??. J^^ 
T«^'>L^ (0^) A^e,Kgi-80rani(DteBt^5bHJTtt. i£lS2 
OnniCrtJC. 1.006. 1.012. 1.029. 1.045Tfe-prCo 

CO 0 5 5] is. ±^xfmm^^n^rcmmy5^tc^ 

^■'T. ftJo*^P.SlS+20nm:6<ttf-20nnicoiSH»cot-' 

j^it^gtmLfcc ^-O^m. OninTM.OOOOtbT. J&tT 
•^^^ (OjS) *>6ieS+20iinKOffiS»C7bHtTre^.5nnic: 



(7) ^M2 0 0 3-l 9 7 5 4 6 
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1.0020. 1.0045. 1.0075. 1.0087. 1.0090. 1.00 
95. 1.010. 1.010T?$-3fco ^fc. tl^O (OiiS) 
IS-20ninO{lgfC*HtTI®l-2. SmnCTtte:. 1. 0010. 
1.0035. 1.0060. 1.0065. 1.0075. 1.0075. 1.0070. 1. 
OOSOTfeofco CO^:^:^*^:. 06 (a) . (b) 

[0 0 5 6] Sfc. iBlI^^nfcIlJP*^?.. -J^x-ZN©^ 

^oi^m. 'i/x-Mr&ifiaoiiiasfcfeitsiafta. 

iO x-/^^^'i^ (OnmOfitB) •eJfil948'C. tiT4'^L' (0;^) 
*^e)KJ^0nin©fiBfC*H*T8SSl0iniic:i;Jc. 15950 

■c. *«i95oic. *?i952'c. *?i953t:. mw&'c. m^mx!.. 

m^'C. $5966*C. !^967"Ct?$.^fco Sfc. 
KJS-90niiiO{ifitC*Hj-T^JSl0niiic:i:fc. *<I9501C. 
S^igSir. *?I952'C. l^gSSIC. !K|956'C. «?J959'C. iKl964 

•c. ij^967'c. m'amxxtb-otc^ 

[0 0 5 7] 'i7x— -'N0D4'^.N*^?>E^+20nrnfe 

J;t;-20nmOffl5ii{c^3(r^T. * »J fif)fflfcSSiJ-^^^i6 
rci;C5. "^x— /Mf<>T?iKi948iC. cF>>L>3b^p)ffi?Sf20nin 

20 <DfflB(CAHtT^J12niiic:tlC. $5948. 1*C. 948. St). 9 
49. Ot:. 949.5*0. 949.610. 949. 7 1C. 949. 81C. 950.0 
*C. $5950.110. $5950.3lCT'*ofco ^fc. 4''L^*^6^ 
Bt-20ninOttBJC*HtT[EBI2niiicrtfc. $5948. 2TC. $5 
948. 81C. $5949.510. $5950.010. $5950.210. $5950.3 
10. $5950.310. $5950.410. $5950.510. $5950. 610 T-fe 
ofco 0 5 (a) , (b) t:feV^T(D 

[00 58] 4 c^)|^a^B®T'J4. x— 

[0 0 5 9] ^r:iimm3(Dmmmmm.oxit. -j/x- 
SM*^i5ic^@^Tv^«o cm*. 0 4 (a) cDias:/ 

[0060] ^SSfiRI 2 £0|^SSfi(3>T-l±. 
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[006 1] 

•9-fe p^^f oi^ <♦ t) fcKB ^ "J? i-/N«3D® iae^^5^& 

[02] ^l<D?mmmiC^\,^T. If-lrr/^r, :fe^tf 

So 



1t§B2 0 0 3-l 9 7 5 4 6 

%^-r^''''7 7T'*:?T. (a) fi^S^MOfcf^S 
S«©. (b) t±5Si5!lSSS(I)i:SaAaSSM(3>^^-ro 
[0 5] tifJfeoi^SiiecDi:. gi^^^-OIMLSS® 

[06] i¥5l5cof^SgS<Di;. *?gBj©MSSS(3> 
tic J: ») •>x-/Nk:mffixt!^f^S/^;l/Jl:&jgfigLfclS 

[|?^©UJH^] 

1 

2 

2 a ^<*t) 

4 

5 inf^B 

6 mmm 

6 d SU^giS 

7 ffiSe 

1 0 0 m^mm 
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